5 APR 2005 - 1SHEAR MODE Pl EZCELECTRI C ACTUATOR ASSEMBLY BACKGROUND COF THE
| NVENTION s The invention relates generally to el ectronechani calSa,ﬁ;;P;@nagxﬂggs
for positioning a positioned element with respect to another conponent
More particularly, the invention provides a shear node piezoel ectric
actuator assenbly adapted to provide fine positioning of a slider over a
data storage nediumin a hard disk drilve or another data storage
apparatus. Figure 1 is a plan view showing a conventional hard disk drive
5. A data disk 10 has a data surface 12 for storing data. The data in a
magneti ¢ st or age SHEARMORE RIRdOELECERIG ACTHUAEOR APSEMBLYi cal |y char ged
areas arrayed on the data surface in concentric data tracks. The disk is
driven around a central spindle is 15 by a spindle notor (not shown). A

support BACKGROUNDEOFaRQEUNYBNMON bearing 20. The support armis driven
by a voice coil notor (not shown). A slider 21 (too small to be clearly

visible in this view) at the end of the support arm"flies" over the data
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spaced apart on the spindlet e access to nu ta sur aces
one on eihanddisk cdiweocbrmmiheddatla std)nag‘etmiparame. of dri ve multiple arms are
provi ded, each carrying an individual slider over each data surface. This
isto provide greater data storage than woul d be possible in a single disk

unit. 30 Fi QUVFﬂ%;@redffl% &l HalVief AMORING A"GInVBHEBRASKA] ASR AfREYs. 2& BQt%

suspendi ng i der 21 over the data surface of the data disk.
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15 15 by a spindle motor (not shown).

A support arm 17 rotates about a pivot bearing 20. The support arm is
driven'by a voice coil motor (not shown). A slider 21 (too small to be clearly
visible in this view) at the end of the support arm "flies” over the data disk 10 so |

20 that data can be written to and read from the data surface 12. A flexible cable 23
' attaches to a connector 25 to transmit electrical signals between the slider and a

computer or another device in which the disk drive 5 is installed.

Though the plan view of Fig. 1 depicts only a single data disk 10, those of
25 skill in this art will know that disk drives may include several data disks stacked on
a single spindle and spaced apart on the spindle to provide access fo multiple
data surfaces, one on either side of each disk. In that type of drive, multiple arms
are provided, each carrying an individual slider over each data surface. This is to
provide greater data storage than would be possible in a single disk unit.
30
Figure 2 depicts one conventional suspension assembly 28 for suspending

a slider 21 over the data surface of the data disk. The suspension assembly




- The- nount i ng- beam 42-i ncl udes a-fl exure nenber 45, upon which the slider
21 is mounted. The flexure el enment provides high conpliance, i.e 5§ gpga@%ye
ease of novenent, in the pitch, roll, and vertical directions, and high”‘JJ
stiffness in the yaw and in-plane directions. Referring once again to Fig.
1, the swage boss 33 of the suspension assenbly 28 is swaged onto the

pi vot bearing 20 so that the slider cabe noved laterally fromtrack to
track as the slider 21 flies over the data surface 12 of the data disk 10.
is Hard disk drives of this general type have enjoyed nuch success and
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ovétrconme sone of the linitations of conventional single actuator systens,

and t her eby aligy G Bied of MGCES Sl Ayslatval 8hA0Eq A0S YdBsbardy di sk

. i Hhis g
drives, optical data storage driVves, er st evices 1n
extreme moatitsited geeatlgqto rthd devélbpmeosi défi bosingssf aad r pardbnal toenipeasr over
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increased remarkably. Each year has seen new disk drives become available

20 with capabilities that would have been unthinkable just a few years before.

This development has been made possible in large part through astounding
increases in the density of data that can be stored in the data tracks on the data
disk’s data surfaces. As this document is being written, it is anticipated that track

25 densities will soon be on the order of 100,000 tracks per inch, which means that
individual track widths will decrease to less than one-fourth of a micrometer (0.25
pm). This means, of course, that new and better mechanisms will be needed to

position and track the sliders precisely over these extremely narrow data tracks,

30 Difficulties arise, though, with the use of conventional mechanisms like that
described above. Tracking errors and internal bearing friction limit the precision of

even the best available voice coil motors. Resonances and vibrations, moreover,




It would be highly desirable, therefore, to devise inproved m croactuator
is assenblies capable of positioning sliders with enhanced precisdn @Nﬁr%$;
data tracks on a data storage disk. The inproved actuators should not add”
excess weight, interfere unduly with the flying characteristics of the
slider over the data surface, or otherw se adversely affect the operation
of slider or the notor-driven arm Sucl8actuators shoul d provide-quick and
preci se operation, while zo consunming little power and not generating
excess heat. These inproved actuators should, noreover, be relatively
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| n anot hea rgadévete hehdoberdd deta stofage mpidaumel ectric el enents are arranged

is in a rectangular configuration, two on each side of the data slider or
other positioned element. A pair of these elenments is arranged on one side

of the slider |t e h@%ly"’éégirédl@)/tﬂéréf@réa@d@h@érlmpﬁ@@’ed eicRREctusr t he
ot her side of the slider ™ to shear I1nwardly toward one anot her, when

cohtrol saspembliesr eapahyei efd pesitionag elicerenwih enkanasde PrRSIBen sOwstt dats
bet ween ttpaecktsv\gn %l S%ngﬁ)rgée %ﬁ‘sﬁ@ RAk' in%ﬂoved actuators should not add excess

weight, interfere unduly with the flying characteristics of the slider over the data

surface, or otherwise adversely affect the operation of slider or the motor-driven

arm. Such actuators should provide quick and precise operation, while

20 consuming little power and not generating excess heai. These improved
\ actuators should, moreover, be relatively simple, reliable, and easy to

manufacture and assemble.

These and other advantages are provided by the improved actuator
25 assemblies described herein, as will be understood more fully from the detailed

description provided below.
SUMMARY OF THE INVENTION
30 The invention provides a piezoelectric actuator assembly operable to

position a positioned element such as a data slider in a data disk drive.

Embodiments of the invention include at least one shear mode piezoelectric




zo each side of the slider, and are configured to apply force to either
side of the slider to nobve the slider to a degree that depends erktAep 0
magni t udes of the control signals. These enbodi nents and ot her al ternata%
enbodi ments nmay be used in as conjunction with conventional slider
positioning apparatus to provide fine positioning of the slider over a data
surface of a data disk in a data disk-drive system BRI EF DESCRI PTI ON OF
THE DRAW NGS 30 Figure 1 is a plan view of conventional hard disk drive in
which areas/wite_ head is driven by an actuator over the surface of a disk
on whi ch @lafgnar witht eprasponding -streture; thraughs whighr forgeiis appliedsgecthieve

vi ew sho f avent. S{ .0

assenbl yvédlﬁ%&{%%ng@%rﬁstgﬁ?cg neﬂhgr%gé [g\iggﬁt?&Fggﬁgl gﬁt&ﬁ%l@rﬂg s a
schemat i piezdelstiriatelenentepi cting the funct ion of a piezoelectric s shear

el ement usable in piezoelectric actuators according to the invention.
Figure 4 is an expl oded perspective vi ew of one preferred enbodi nent of a
pi ezoel ectric '

Figire 5 is a MiaROeASHRRIehl 2 snRl AR BEASRURcRERER! i MUEREET o
Fig. 4. atthe back side of a data sllder. Arms mounted to each end of the piezoelectric

element extend around the slider and hold the slider between a pair of hinge
assemblies at the ends of the arms. When a voltage is applied to the piezoelectric

element, two faces of the piezoelectric element shear with respect to one another
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and the ends of the piezoelectric element change their angular orientations. This
moves the two arms, which in turn moves the slider to a degree that depends on

the magnitude of the control signal applied to the piezoelectric element.

In another preferred embodiment, four piezoelectric elements are arranged

15 In a rectangular configuration, ftwo on each side of the data slider or other
positioned element. A pair of these elements is arranged on one side of the slider -

to shear outward away from each other, and the pair on the other side of the slider

to shear inwardly toward one another, when control signals are applied to the

elements. Flexible members extend between the two elements of each pair on

20 each side of the slider, and are configured to apply force to either side of the slider

k to move the slider to a degree that depends on the magnitudes of the control

signals.

These embodiments and other alternative embodiments may be used in
25 conjunction with conventional slider positioning apparatus to provide fine
positioning of the slider over a data surface of a data disk in a data disk drive

system.

BRIEF DESCRIPTION OF THE DRAWINGS-
30
Figure 1 is a plan view of conventional hard disk drive in which a read/write
head is driven by an actuator over the surface of a disk on which data are stored.




~0 Figure 6 is a plan view that illustrates, schematically, the operation
of the actuator assenbly of Figs. 4 and 5. Figure 7 is a partially @x@?;@%gg
view depicting an alternative piezoel ectric actuator assenbly that

I ncor por at es anot her enbodi ment of the invention. Figure 8 is a plan view
provi ding a schematic depiction of the operation of is the actuator
assenbly of Fig. 7. Figure 9 is a plan&%+ew of an alternative actuator
assenbly according to a further alternative enbodi nent of the invention.
Figure 10 is an enlarged view of a portion of the enbodi ment of Fig. 8,
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preci sel yiover a data surface of a data disk such as that found in a hard -

di sk drive system zs Preferred enbodi ments of the invention use a shear
node pi ezoel eckigHEe &ds Fas@rematiqifustration; depicting the &indionssfar Piegoelpctiie
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L10 Figure 6 is a plan view that illustrates, schematically, the operation of the

actuator assembly of Figs. 4 and 5.
Figure 7 is a partially exploded view depicting an alternative piezoelectric
actuator assembly that incorporates another embodiment of the invention.
Figure 8 is a plan view providing a schematic depiction of the operation of
15 the actuator assembly of Fig. 7.
Figure 9 is a plan view of an alternative actuator assembly according to a
further alternative embodiment of the invention.
Figure 10 is an enlarged view of a portion of the embodiment of Fig. 8,
illustrating amplification of shear motion in the actuator assembly.
20
| DESCRIPTION OF THE PREFERRED EMBODIMENTS
The invention is embodied in an improved actuator assembly of the type
used for positioning a slider precisely over a data surface of a data disk such as
that found in a hard disk drive system.
25
Preferred embodiments of the invention use a shear mode piezoelectric
actuator. Figure 3 is illustrates schematically the function of a piezoelectric shear
element 48 used in the piezoelectric actuator. Normally, the shear element has
the configuration indicated by the solid lines in Fig. 3. When a voltage is applied
30 to the piezoelectric element across terminals 50 and 53, the shear element shears
. or deforms to a configuration indicated by the dashed lines in Fig. 3. The front

face 55 and rear face 58 of the element are displaced with respect to one another,



and the ends 60 of the elenent change their angular orientations with
respect to the front and back faces. This behavi or of piezoel ect ricasABEr 25
el ements is conventional and well known to those of skill in the art. s
Figure 4 is an expl oded perspective view of one preferred enbodi nent of the
invention. In this enbodi nent, a secondary actuator assenbly 47 is nounted
to the flexure menber 45 on the nounti-fg beam 42 of the suspension assenbly
28 (see Fig. 2). The secondary actuator assenbly provides for relatively

fine positioni ng @% the slider 21 over the disk data surface, in conparison
with the 3d/Hiecenes P qfdhe clemantshaias thedisangilak priantations Wb 15§BEEL Bni ng

of the slg, efroﬁ%aﬁﬁi KL f%@é’s.s.‘l?ﬂgf‘ﬁieﬂﬁviéﬁstﬁ”ﬁleﬁéo&\é fict BRestidfentaf ist he
di sk. In the enbodi nent shown in Fig. 4, a shear node pilezoelectric

m cr oact uAnyentdnal andoselt komen tathasesoflskitkinghdartof the slider. A pair of
arms 65 are is fixed at each end of the m croactuator and di sposed around

the left and right sides of the slider. The slider is held between the arns

- by pads 68 at pihgreehds @h Sagbded ggréi%ﬁh%é’%%v@%? oﬁe%@%r&@eﬁ%ﬂﬁﬁ@nﬁ@ﬁ pad

and its corresponding arm ‘The p I nge at eac nge nounti ng
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conf i gur Aasdierig wihdhe thidengdemverythes disk dafa gwiriia. i iorcamparaaravéld the Fig.

it o I PRI Syl Aradel RRtyBRL Eh Y, RESHEEBa B LEEP A baci
side of tdrvirg] thdesuspinsibheadseaiily svepthatdurthcewritag disks fixed to the flexure
menber 45 on the so nounting beam 42. The slider is thereby suspended by

the fl exure nenber between the arnms 65 extending fromeither end of the

m cr oact uat or ,j,and.t ; - 7. sld.der, i tgjrga d upport
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of the slider. The slider is held between the arms by pads 68 at the end of each
arm. Each pad has a hinge 70 between the pad and its corresponding arm. The
pad and hinge at each hinge mounting location form a hinge assembly at that
location on each arm.

20

v The hinges allow relative rotational movement between the slider and each
of the two arms at the mounting positions where the hinges contact the slider.
The first and second ends of the piezoelectric element and the first and second
hinge mounting positions are together in a substantially rectangular configuration

25 when the assembly is in the condition illustrated in Fig. 4.

A frame 73 comprises a tab 75 and a mounting surface 78. The tab is fixed
to the side of microactuator 63 opposite the face closest to the back side of the
slider 21. The frame’s mounting surface is fixed to the flexure member 45 on the

30 mounting beam 42. The slider is thereby suspended by the flexure member
between the arms 65 extending from either end of the microactuator, and the




m croactuator 63, the front and back faces of the m croactuator shear with
respect to one another and the ends of the nicroactuator change rhBi Afg 2065
angul ar orientation. This noves the arns 65 into a position illustrated by
the dashed lines in Fig. 6, in which the first and second ends of the

pi ezoel ectric elenent and the first and o second hi nge nounting positions
are arranged together generally in the foermof a parallelogram The
assenbly 47 is novabl e substantially continuously between the
continuations of Figs. 5 and 6, depending upon the magnitude of the voltage
appl i ed WgEds thits Blosndrd i the suppeiteaim thipuoh Mg ame. hbfameranshier
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the m croactua e sl I's carried into the position the
dashed lines illustrate. This notion is allowed by the hinges 70, which

allowrelatively free rotation between the arns and the i nges whil e
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ext er nal lwithindnsteslemggpr at us so that the slider's flying characteristics s
are largely unaffected by the m croactuator assenbly. Figures 7-9
iltustrate details of two nore preferred embodi ments of the invention.
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The arms 65 act as levers that magnify the lateral movement of the slider
21 in comparison with the relatively small movements at the ends of the
microactuator 63. Although the slider 21 does move somewhat in the direction
perpendicular to the shearing direction of the microactuator, the slider’'s motion is
25 predominantly parallel to the microactuator's shear direction. When the slider is
installed into the system, this predominant direction of motion is generally
perpendicular o the long axis of the support arm 17 (see Fig. 1). The support arm
is driven by its voice coil motor to apply relatively large movements of the slider
over the data disks 10, while voltage signals applied to the microactuator provide
30 for fine positioning of the slider precisely over one or more of the desired data

tracks.




is A plan view of this sane enbodinment is depicted in Fig. 8. Each

m croactuator 63 has a |l eg 80 nounted on the surface of the mcroacgu @{25}05
closest to the slider 21. The two | egs cone together to forma flex bea

83, which is attached at the mddle of the flex beamto the side of the
slider. zo The microactuators 63 in this enbodi nent are di sposed to shear

in opposite directions. The m croactud-ors on a given side of the slider

21 are disposed, noreover, to shear in opposite directions in conparison
with the mcroactuators on the other side of the slider. For exanple, the
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|IIustratse@pbﬁearrragn|f| cation of the shear nption of the is nicroact uators
as that notion is anplified and converted into sideways notion of the
sltder 21. In Fig. 10, x is the di stance between the slider and the base of

o P! 9D SRR My, e BB SRYRSd R Bl e
cent ers ahictdectbatee S thashe riabesobmauh’&adw th@gsurfacatmfutheZmlcroactuator
closest to the slider 21. The two legs come together to form a flex beam 83,
which is attached at the middle of the flex beam to the side of the slider.
20
| The microactuators 63 in this embodiment are disposed to shear in
opposite directions. The microactuators on a given side of the slider 21 are
disposed, moreover, to shear in oppbsite directions in comparison with the
microactuators on the other side of the slider. For example, the microactuators on
25 the right side of the slider in Fig. 8 shear inward toward the space between them.
This presses the legs 80 and thus the middle of the flex beam 83 against the right
side of the slider, thereby pushing the slider to the left. At the same time, the
microactuators on the left side of the slider shear outward away from the space
between those microactuators. This pulls the legs and thus the middle of that flex
30 beam in a direction away from the left side of the slider, thereby pulling the slider
and contributing to its motion to the left as viewed in Fig. 8.




za If each of the microactuators 83 generates a shear notion of ~¥ 5tARR zin4
the slider will nove sideways a distance of DX. Wth the geonetry as shown
inthe figure OX is approximately Y/ X*~X. In other words, the shear notion
of the mcroactuators 63 is anplified by approximtely the ratio of

one-hal f the distance zs between the centers of the bases of the two | egs

80 of the flex beam 83 to the di stance Between the nounting position of the
slider on the flex beam and the center of the bases of the flex beam s | egs
(Y/'X). The systemcan be configured if desired so that Y " X Considerable
anplification £Bf ambedimenishompetn planwdew inhEigs feisr grperayisipilar e the

erbod mengTEPRIARH O Eio? B BEUS: BT cBhngfiEndig AFine Rsb3pidhd fHitex see
Fig. 1) pbeamded3 by sgmesdatoifiarent. Whdrbehs!fictetbeaths Gy ehe idhtbsthinans uf f ace

-10 12 to {)o%ittion the%glider general ly over one or nore data tracks, with
the pi ezoBi%e®: AiecMaunieshiq Qutasests ek theirgeespective [agsvithe Agxfheampéxsihe oni ng
of the sl} i : ji Cal : of . ik est.
The"dogr eg POUPRERI T AR mid PSSR el onds BP LS BechiTREs? dn gt °%g
t hus t he embodinerit, thoughe thatmizfoddieaters @8ron dmeeside ofpthe siivernZprhtade of

t he vol t ages |ied across, the m crqactuator el enents. The control signals
appl i ed t%”?%zﬁp”h&’f‘@i%Pefrﬁpélmwc%a%ﬁﬁ@wmd MWﬁtwéﬁ'cﬁ%@ﬁWt@%s in
t he pref egn @5k BIHR i i | e(g;tg) ek i ol

si gnal s havi ng di f ﬁéﬁgt thr?agﬁ‘%ltruﬁgga%\"\g/ﬁtd e gﬁ‘g@?f S%J%ngﬁ:ﬁﬂggl#ert e y

m cr oact uE@®ribemeinghe samecdireation).t he angul ar io orientation of the slider.

{n. gither case, first, second, third and fourth control signals will be
applied to the correspondi ng m croactuators, whether those control signals

are identical,Boih 6 fiiceembbdinénte afdpidtba iR aGhsiat @ind & havBanesrdioRBRLs of
Figs. 7-10, the flex beans 83 attach to the sides of is the slider 21,

| eavi ng tthe 1egRP ohite Bex keamsds att amlevets thet magotnthe sheaumetidn of e of

any exter 2 a nfigurations | eave the flying
char act erri‘ﬂ?trél)éé%t[]%?b?% ﬁg’ ﬁg%rﬁﬁss?ﬂ&?ﬁﬁgﬁgﬁjﬁ of g %%ﬂﬁﬁﬂ?g}&%e\m c#:ménp
convent i cofaFigeof i Bigued i N HlusB@idd elieanagmifiedtions SETRE | Sifedif midient ¥Pthe

described herein are sinple in construction, and reasonably easy to

manuf act UPETeRRiUaESAs Bat mtiopdsampliiedanbapmvastedinta sidewaygenaiign ot

manuf act qﬁgdsnagrrzq, Cyp 1t @nRlis TRE HidthAde tb%ﬁﬂ&gri ﬁg%?ﬁ?gé Qgﬁgﬁphtgasgelaﬁle S

pi ezoel ectric elenments, The related supporting der

wi || be feiliverdap ofithesfléxnbearindals her distaand batwest ties castet of didtdiasedriy
conventi qpal asse echnol ogies. .In the alternative, advanced

i or of abrG4PICge ‘?@bﬁﬁ@&zﬁa@% Db ine dtpncs hatygapédhe kesteragstmbases I n
that casef th@feRiRaALS B qég‘s iglpRpby, the related supporting structures,

and the slider itself can be fabricated together using art
20

If each of the microactuators 83 generates a shear motion of AY, then the
slider will move sideways a distance of AX. With the geometry as shown in the
figure AX is approximately Y/X*AX. In other words, the shear motion of the
microactuators 63 is amplified by approximately the ratio of one-half the distance

25 - between the centers of the bases of the two legs 80 of the flex beam 83 to the
distance between the mounting position of the slider on the flex beam and the
center of the bases of the flex beam’s legs (Y/X). The system can be configured if
desired so that Y >> X. Considerable amplification can thus be achieved between
the shear motions of the microactuators and the sideways motion of the slider.

30 )

As in the embodiment illustrated in Figs. 4-6, the motor-driven support arm

17 (see Fig. 1) provides for gross movement of the slider 21 over the data surface




so simlar to that currently used to manufacture di sk drive recording

heads, with the individual parts forned together as an assenbly on - 5C QPRo Ry
substrate. Such 5 f~Pr~ -11 methods prom se significant econom es through

| arge scal e manufacturing of nultiple mcroactuator assenblies on a single
waf er. Al though the description herein has largely assunmed that the slider
will s include aread/wite head for redding and witing data onto a data
surface in a hard disk drive unit, other types of data head nay be

i ncorporated into the slider. For exanple, various data heads operable only
to read daZatq 9§1ties: the slider coeneralhnwvee ergePrwmare da@ drcksmwdibuihe s of

a read-on ; ' d s :

oper at e Oh?%ﬁ)%é%%WGﬁngﬁ ég a?ﬁ%'lrﬁ:yﬁ%%@s b?-ﬁ’l@@‘oﬂbﬂ%ﬂ%ﬁgg@fgf‘l!rﬁgﬁf@éﬁ%ﬂﬁlg{ he
descri pti precigsdy er\@a&meommttem@ﬂ aipadidmﬁdrrtracfktdf&ntree@ei{ ﬁl’@aﬂdgrwleitgivwgcbfthe o
magnetic ¢data, .other data. types, such as for exanple optical data, may be
read or \,\qurt QHC"B?C{&‘ Ba'th 88%%6\%99%%@8 shedy: t Aed sthugethe | degrget of he
i nvention t C [ A a=Tgy | 35 e ' f
el ogont t RGremaIR ofoMRcider, UALhdP AR o iduB o ld Weltadts bbPed
appar at usa¢ress jbe imicrtodatgatos elements. VEhe eontrolf signslstapplied tel thesntivicasl

nvent | oniGatuBRTh ol Ryt REna" mBSonies i o ptertack SptRdieny n
pr ef er r edagsrpailERIMISodirERD VIRARM U d9REl iSO Mawi Qif@rérﬁtr Ridignitégeddy no

doubt be devised by those of skill in the art zo vmtn%gut departing rromthe
basi c pri Aigipl be wippliad toneaah i afntheTmicroaohetas, tehe , itoveentiantheheogdar hus

hot be as r MR y reference to.the discussiqgn abqve,, but  rather

Roc8rai nootamafia (a5 el it I REhENG8she sl peCEh ot ahioarta oo

whi ch t hosignalsakitihead splRidopethbcopiisbbh@iflg mizrdditua8RH wHether those control
signals are identical, or different for each microactuator.

In the embodiments of Figs. 7-10, the flex beams 83 attach to the sides of

15 the slider 21, leaving the front and back faces of the slider unconstrained and free

of any externally-mounted apparatus. These configurations leave the flying

characteristics of the slider mostly unchanged in comparison with conventional
configurations.

20 Microactuator assemblies of the type described herein are simple in

§ _ construction, and reasonably easy to manufacture and assemble. Microactuator
assemblies of this type may be manufactured using conventional machining
technologies. In such a case the piezoelectric elements, the related supporting

structure, and the slider will be fabricated as individual parts and assembled

25 together using conventional assembly technologies.

In the alternative, advanced microfabrication technologies can be used to
produce these assemblies. In that case, the piezoelectric elements, the related
supporting structures, and the slider itself can be fabricated together using art

30 similar to that currently used to manufacture disk drive recording heads, with the

individual parts formed together as an assembly on a common substrate. Such




CLAIMS 1. A piezoelectric actuator assenbly operable to position a

posi tioned elenent, the piezoelectric actuator assenbly conprisingy APR 7005
shear node piezoelectric elenment having first and second ends, wherein the
pi ezoel ectric elenent is configured so that angular orientations of the
first and second ends change when an electrical signal is applied to the

pi ezoelectric element; a first armnmedrited to the first end of the

pi ezoel ectric elenment; and to a second arm nmounted to the second end of the
pi ezoel ectric elenment; wherein the positioned elenment is nmounted to the

first arngneds pramisensigniiicagt esinomies SBrauan sran cecalayanviseiuring of r st
end of thﬁuﬂ’thﬁéﬂ%r%%ﬁfdagor gs%mfegv\(gggls}@% p,%fesr(_acond armat a second

nounting position sone distance r e Second end of the

pi ezoel ectric elenent. 15 2. The piezoelectric actuator assenbly of claim
1, wherein the ositioned elenent is a slider that includes the data head
of a data storal S e degcriin b%%laz}ﬂ%%ﬂargeiya@ﬁweé that & sfider vl ai m
2, wher ei pichitR hirbal/wME HEXNE | 5h@ WSk &

slider, thg second rmVYJnti ng pgdgp??(a)%%: éh&én%rgm e@%%dg)gtl%dée ((%tgﬁﬁgﬁag%pﬁe?
opposi t e barg disk sriveiund, othrar types pf datachesdt may ls¢ evoenporated it pros skidlert t he

back of Lider. 4. The, pi | i ly, of, clai.
wherein t R BrpDBle, yariolS St PRty tishufie iy B e 3f tanikRot Rt Ry o
the pi ezoglagdd iSeWpBRS the 858 thbfiRim O8N irélai-leﬁ@i tyb&N.ORBHLEES nﬁg;mfcﬂéei

-mounting position are in a generally rectangular arrangenent whe .
act uat or @&8enihgre the data head watdthipgratatony to syritehdatpi bubebbbn réad it.

ot ater RBRET oL Aee i Audli S e Buobm S TABEE L bR ot
the firstamheritihgtdfempyeetiveligel bireralfgeRses, ISieh e itd:@nbl@foptical data,
may be read or written by a data head incorporated into the slider. In fact the
invention does not concern itself primarily with the particular type of element that
may be used in any particular assembly, but rather with apparatus for positioning
15 a wide variety of positioned elements as required in any particular application.

In any event, although the invention has been described above in
connection with its presently preferred embodiments, improvements,
modifications, and alternatives may no doubt be devised by those of skill in the art

20 without departing from the basic principles of the invention. The scope of the

(. invention should thus not be assessed primarily by reference to the discussion
above, but rather according to the following claims and the full scope of
equivalents to which those claims are properly entitled.




A, ¢c(1Q -13 the piezoelectric elenent, the first nounting position, and
the second nounting position are arranged generally in the formof a
paral | el ogram 6. The piezoel ectric actuator assenbly of clain15,fvﬁeﬂéﬁn2ﬁ5
the actuator s assenbly is operable to nove substantially continuously

bet ween i nternedi ate configurations between the first and second
configurations in response to a variab{z-input signal applied to the

pi ezoel ectric elenment. 7. The piezoelectric actuator assenbly of claiml,
and further io conprising: a first hinge assenbly at the first nounting
posi ti on;ClaAM@ second hi nge assenbly at the second nounting position. 8.
The piezoelectric actuator assenbly of claim7, wherein: is the first hinge
assenbly conprises a first nounting pad secured to the positioned el enent

and a first hifnge bepreeridddt htfugtor®sdmmg dpreaRado idisitlon’ & podriBheand t he
second hi nge assenbly conprises a second nounting pad secured to the

posi t i oneledepinihe pigrgelecticaciyatarmgeemblye@nprisiBdsecond nounting pad zo

SoeT 11 on s ot ShEr todP MRt Harte ARG st RE b naRER, lftein
conpri si nge pleddaledtris branentud eopfigareal scthat anglilefefibhtationg of @efict shear

node pi ezoelectric el enent; . ) , i ) .
second ends change when an electrical signal is applied to the piezoelectric

element;
a first arm mounted to the first end of the piezoelectric element; and
10 a second arm mounted to the second end of the piezoelectric element;
wherein the positioned element is mounted to the first arm at a first
mounting position some distance away from the first end of the piezoelectric
element, and to the second arm at a second mounting position some distance
away from the second end of the piezoelectric element.
15
2. The piezoelectric actuator assembly of claim 1, wherein the

positioned element is a slider that includes the data head of a data storage device.

3. The piezoelectric actuator assembly of claim 2, wherein the first
20 mounting position is on a first side of the slider, the second mounting position is
on a second side of the slider opposite the first side, and the piezoelectric element

is disposed at the back of the slider.

4. The piezoelectric actuator assembly of claim 1, wherein the first end
25 of the piezoelectric element, the second end of the piezoelectric element, the first
mounting position, and the second mounting position are in a generally

rectangular arrangement when the actuator assembly is in a first configuration.

5. The piezoelectric actuator assembly of claim 4, wherein the actuator
30 assembly is operable to move between the first configuration and a second

configuration in which the first end of the piezoelectric element, the second end of




a first flexible nenber nounted between the first and second piezoelectric
el ements; a third shear node piezoel ectric el ement; a fourth shear™ Rod@R 2005
pi ezoel ectric elenment; and so a second fl exi bl e nmenber nounted between the
third and fourth piezoelectric elenents; 5 APR 2005 -14 wherein the first
flexible nmenber is nounted to a first side of the positioned elenent and
wherein the second flexible nmenber is-qmunted to a second side of the
positioned el enent, and wherein each of the first and second flexible
menbers conprises a pair of s legs nounted to its respective piezoelectric
el enent s thadiezasdattrial elémext, dbanfirsb etowetingt pesitiony dretythe $68corkhenounting

pi ezoel ectric actuator assenbly of claimQ, wherein the positioned el enent
's & sl | RASHGILATS HEAARLIT el PN QEM OF 2PRIaldosRage devi co. to 11,
The piezoel ectric actuator assenbly of claim 10, wherein the first

flexible menber is nmounted to a first side of the slider, the second

flexi bl e menber. i sThepiezedlecticeacivaionasseniblyodf claion §1 wherein ippatiuatarnhe

fir5$t si de_of tlhe inde@ and vvhe_reitn trhg‘ front of the slider is iLge of
any® ext erhserP Yt PERRIE 1Qr TIOYE . Sykstgntia h%O'ﬁ\”é?Hé'lye%? eEnqaYEshate
assenbl y gnfiglirdtionslbe@sbnvies &irst bhe sdasid @bntigeratibhgeh rsspbheg tef sany

external | y-nount ed appar at us. )
variable input signal applied to the piezoelectric element.

7. The piezoelectric actuator assembly of claim 1, and further
10 comprising:
a first hinge assembly at the first mounting position; and

a second hinge assembly at the second mounting position.

8. The piezoelectric actuator assembly of claim 7, wherein:

15 the first hinge assembly comprises a first mounting pad secured to the
positioned element and a first hinge between the first mounting pad and the first
arm; and ‘

the second hinge assembly comprises a second mounting pad secured to
the positioned element and a second hinge between the second mounting pad

20 and the second arm.

9. A piezoelectric actuator assembly operable to position a positioned
element, the piezoelectric actuator assembly comprising:
- a first shear mode piezoelectric element;
25 a second shear mode piezoelectric element;
a first flexible member mounted between the first and second piezoelectric
elements;
a third shear mode piezoelectric element;
a fourth shear mode piezoelectric element; and
30 a second flexible member mounted between the third and fourth

piezoelectric elements;




13. The piezoel ectric actuator assenbly of claim9, wherein the first and
zo second piezoelectric elenents are nounted adj acent one anot herq. ‘{@ﬂ’eﬂ}f}
side of the positioned elenment, and the third and fourth piezoel ectTi 5
el enents are nounted adjacent one anot her across the positioned el enent
fromthe first and second piezoelectric elenents, respectfully, so that
the first, second, third and fourth pygzoelectric elenents are arranged in
a generally rectangular zs configuration. 14. The piezoel ectric actuator
assenbly of claim9, wherein the first and second shear node piezoel ectric
el emrent s are oendreguthedinst fidxisierrhamber imanatéd toca fitet sfde sftthelpositiohednenber

t hat shear, out war way. from one t n the so lication of an

i nput  si gq{gmepgapaéﬂ? rlé@tthgrﬁfcé’é'g% ﬁé’%ﬁ' ﬁ%ﬂ@ VBPHE@[@&‘ gpeon P'Qﬁé?fts,
and the tRbristRelWEhBnERGAr node piezoel ectric el ements are configured
with surfaces nounted to the second flexible nenberthat shear ~~~ L~J -15

i nwar d t owar dswhereiraaactn of thmmsttalnd szthdd’wxutdm ne¢mbers cypoprisssgagaina t he
third an fourt h%gl etzo&?'ectr | | ezoel ectri acéuat or
assenbl y 93 APQREY410 iR dPaRee wﬁep!szg%sawan@'emﬁ doft ?‘?1“8“’#'

second sheveBRASe BV ectric el ements pulls the f| rst flexible rrenber
and the positioned elenent in a direction toward the first and second shear
node pi ezoel ectric elenents, and the shearing inward of the third and

fourth shear e ogel rAGe th f nber

and the posit ﬁed%ﬁ%n@ﬁ%‘%lﬁc@c ar%g%ﬁl on %ém&?ﬁy 816 @%ﬁt ﬁi r‘&ﬁéﬂﬁﬁ‘l tgt?rat hio
shear nodsogiticrzeletieaiont (5 ®hderthat intRideshise aamm@dzcﬁot & detastorajeootedssenbl y

of claim9, wherein the central flex beans are nounted to outer ends of

théPr respective legs. is 17. The piezoelectric actuator assenbly of claim

respecti ve | eg 161 oA PEDRIHEAT Rl or BERLARl: OF LR 1 ialtin 08 het |
havi ng a itxitde snerhberis mounted to a first side of the slider, the second flexible member
is mounted to a second side of the slider opposite the first side of the slider, and
wherein the front of the slider is free of any externally-mounted apparatus.
15
12.  The piezoelectric actuator assembly of claim 11, and wherein the

back of the slider is free of any externally-mounted apparatus.

13.  The piezoelectric actuator assembly of claim 9, wherein the first and

20 second piezoelectric elements are mounted adjacent one another on one side of
the positioned element, and the third and fourth piezoelectric elements are
mounted adjacent one another across the positioned element from the first and

second piezoelectric elements, respectfully, so that the first, second, third and

fourth piezoelectric elements are arranged in a generally rectangular

25 configuration.

14.  The piezoelectric actuator assembly of claim 9, wherein the first and
second shear mode piezoelectric elements are configured with surfaces mounted
to the first flexible member that shear outward away from one another upon the

30 application of an input signal to the first and second shear mode piezoelectric
elements, and the third and fourth shear mode piezoelectric elements are

configured with surfaces mounted to the second flexible member that shear




ao a data slider operable to communicate data with the data surface of the
data di sk, the data slider having an air bearing surface opposed.tg APE 2006
data surface, a front side surface, a back side surface on a side of the
slider opposite the front side of the slider, and first and second side
surfaces opposed to one anot her on opposite sides of the data slider; and
zs a shear node piezoelectric elenent. ppsitioned proxi mate the back surface
of the data slider and operable to apply force to the first side surface of
the data slider to position the data slider over the data surface in
response ihwasl torErde bnsiagodieragmn the dpplichiiorpofaroElpet signal el teedhird and APR
2005~~~ -16 %9. Th ata] di sk drive of claim 18, wherein the shear node

pi ezoel edPHIIR Pi§ZORIGHIIG gle %ble in response to the control signal to
apply force to the first side surface of the data slider in a first
direction, and to apply force to the s second side surface of the data
slider in the ¥ rstThii reiezdadectrigoactiatordasaeniblk adr chaémofl 4c|wiherelo th@her ei n

t he shear_ node pezoelectric, elenent i s,.operahle.to L. or t he
e SR SbRARC o Helrs ShE TR Rnd RnoRERAe it PRl etk
f! rst ar r’the&!ﬁ@t flexidleen&seBenenditie pdeitibaee c¥meREin 4 @_irdéﬁa’:h ’_ﬁiv@di@ﬁhé Iﬁr$the
first direction through a second arm 21. The data disk drive of claim 20,

wher ei n tans! pe¢atd gheqli mogsupiegeelestrict slemsmésirantbithe pheaiing bward ofdhenent

at a firsj; j Cild I lyi glesnat a
Firat moanid ot shedr AR bie BeReflE Blomdtld kB e idioht GG,
and wher enamnibee apddhapasitionesl somznéth halitdetion ey iotethepthied eaildefourthc

el enent at a second end of the piezoelectric element and to the data

sl tder atSf’&%&%%dp'ﬁ%ﬂﬁlﬁPWG ‘?Il%@‘ﬁm%n on the second side surface of the data
slider. 22. The data disk drive of claim?21l, and further conprising: zo a
first hinge assenbly at the first nounting position; and a second hi nge
assenbly at t hkS.seckwlpiezostsctrs posiatdraassepthly thelaimt @, wheleinithey eentfalcl ai m

22, wherejn the first hin assenbl ri ses first nounting pad
Secured (I HRATER AL MUY te QST Bnfls of THelieSPECts (gBn (he first mounti ng
pad and the first arm and wherein the second hinge assenbly conprises a

second nounting pad secured to the data slider and a second hi nge between
t hes second noubt.i nglirasiezeglactic selvei agsembly of Thimddit whefeik the Coalral

o m 20 e g R B R RIS BBETET | S om0 0
arm

18. ° A data disk drive comprising:

a rotating data disk having a data surface;

20 a data slider operable to communicate data with the data surface of the
data disk, the data slider having an air bearing surface opposed to the data
surface, a front side surface, a back side surface on a side of the slider opposite
the front side of the slider, and first and second side surfaces opposed to one
another on opposite sides of the data slider; and

25 a shear mode piezoelectric element positioned proximate the back surface
of the data slider and operable to apply force to the first side surface of the data
slider to position the data slider over the data surface in response to a control

signal applied to the piezoelectric element.




5 APR 2005 Li i~ -17 25. The data disk drive of claim 24, wherein the )
first armis nounted to the shear node piezoelectric element at a JislE 2005
end of the piezoelectric element and to the data slider at a first

nounting position on the first side surface of the data slider. s 26. The
data di sk drive of claim25, and further conprising a first hinge assenbly
at the first nounting position. 27. Thegdata di sk drive of claim 26,

wherein the first hinge assenbly io conprises a first nounting pad secured
to the data slider and a first hinge between the first nmounting pad and
the first arm 28 A data di sk drive conprising: a rotating disk having a

data surface; t at ort rmconfi red to be driven
over the data rfa @at@ i$ "t“’e a%ftsdgg' g MR A PuépS?r h'é"logeby t he
support  aiigrsuetrik @@erﬁéﬁﬁs%ﬂe“rﬁﬂém ré‘%n@bﬁottﬁ’@céﬂ?&%r?é}%@bﬁry fBRﬂéptb' ses:

zo a shear node piezoelectric elenent having first a zs second ends,
wher ei n tthe fissteside sudaee of maedeiatshd@rmafﬂr@maﬂlosoanda@ applyuege fo the

< Sppi 1 caepp e SradSby BRAE e BI0S ol T ol ea to the Tirer

end of the piezoelectric elenment; and

20. The data disk drive of claim 19, wherein the shear mode
piezoelectric element is operable to apply force to the first side surface of the data
slider in the first direction through a first arm, and to the second side surface of the

10 data slider in the first direction through a second arm.

21.  The data disk drive of claim 20, wherein the first arm is mounted to
the shear mode piezoelectric element at a first end of the piezoelectric element
and to the data slider at a first mounting position on the first side surface of the

15 data slider, and wherein the second arm is mounted to the shear mode
piezoelectric element at a second end of the piezoelectric element and to the data

slider at a second mounting position on the second side surface of the data slider.

- 22.  The data disk drive of claim 21, and further comprising:
20 a first hinge assembly at the first mounting position; and

a second hinge assembly at the second mounting position.

23. The data disk drive of claim 22, wherein the first hinge assembly

comprises a first mounting pad secured to the data slider and a first hinge

25 between the first mounting pad and the first arm, and wherein the second hinge
assembly comprises a second mounting pad secured to the data slider and a

second hinge between the second mounting pad and the second arm.

24. The data disk drive of claim 20, wherein the shear mode
30 piezoelectric element is operable to apply force to the first side surface of the data

slider through a first arm.




a second arm nounted to the second end of the piezoelectric element; and a
data slider nounted between the first and second arns. 30 5 APR 20B5AFE87inG
29. The data disk drive of claim28, and further conprising a flexure
menber configured to be carried by the support armover the data surface,
wherein the second actuator is nounted to the flexure nenber. s 30. The
data disk drive of claim29, and furthey.conprising a frame conprising a
tab and a nounting surface, wherein the second actuator is nounted to the
fl exure nenber through the frame. 31. The data disk drive of claim 30,
wherein the star nidedataodipk eizivel fafldintc24) wherdn tise fimtanedstrnotmtedttab of
the frane, and the uptin sur[ace is m)_untedt?the,fle ur e nmber. 32.
The dat a tAPSPe@Fi %P'Qﬂoﬁ?‘?ﬁtrﬁ? ements afr 2 K63t Qshpf the RipZRetackifeleRiRsr i si ng
a tab an j : (W eTah g t [ isto
he supporC G 18, Sy RA % PR hOYirienfosSSP R e M Blie' Sy inte,
wher ei n tdadashiden node piezoelectric elenent is nmounted to the tab of the
frame, and the nounting surface is nounted to the support arm zo 34. A
data di sk drive conprising: a rotating disk having a data surface; a

first actuatorgg a stHP@ifa @ERGFRBIdfRIEIRT2E Cahé fiskihatredbraying Refirdehmgaur f ace
by the first zs actuator;

assembly at the first mounting position.

27. The data disk drive of claim 26, wherein the first hinge assembly
10 comprises a first mounting pad secured to the data slider and a first hinge

between the first mounting pad and the first arm.

28. A data disk drive comprising:
a rotating disk having a data surface;

15 a first actuator;

a support arm configured to be driven over the data surface by the first
actuator;

a second actuator held by the support arm over the data surface;

wherein the second actuator comprises:

20 a shear mode piezoelectric element having first and
second ends, wherein the piezoelectric element is configured
so that angular orientations of the first and second ends
change when an electrical signal is applied to the
piezoelectric element;

25 a first arm mounted to the first end of the piezoelectric
element; and

a second arm mounted to the second end of the
piezoelectric element; and
a data slider mounted between the first and second arms.
30




a second actuator held by the support armover the data surface; wherein
the second actuator conprises: a first shear node piezoel ectric el enenhPializ
second shear node piezoelectric elenment; so a first flexible nmenber nounted
between the first and second piezoelectric elenents; a third shear node

pi ezoel ectric element 5 APR 2005 -19 a fourth shear node piezoelectric

el enent; and a second fl exi bl e nenber_ ypunted between the third and fourth
pi ezoel ectric elenments; and a data slider nounted between the first and
second fl exible nmenbers. s wherein each of the first and second flexible

menbers conprizes aHadatUiskl 6% WPWMIAD 280 andsfurttepecmpiing azfielaetric
el enments and a central flex beam between the two | egs 35. The data disk
drive of MBEEPRr IpNfigHEed 16 thee Carinthbiysthey SHPPPExANE OVep thentid 8Wiityur ed

to be carf&diie! CoRt R rait?ﬁfsrﬂwBMﬁ{edttB?hQg%ﬁu%ﬁgéggat%g d""herei n the second

actuator 1s nounted to the exure nmenber. I sk drive of claim
35, and further conprising a frane conprising a first tab, a second tab,

and a nounting surface,, wherein the second is tyator is mounted to the
1 ekure manbe?aq.hro daia, dlzqiaagye of claPm 29, antf‘%un"'fﬁ‘er compnrsrl%g a frame
comprising a tab and a mounting surface, wherein the second actuator is mounted

to the flexure member through the frame.

31. The data disk drive of claim 30, wherein the shear mode
10 piezoelectric element is mounted to the tab of the frame, and the mounting

surface is mounted to the flexure member.

32. The data disk drive of claim 28, and further comprising a frame
comprising a tab and a mounting surface, wherein the second actuator is mounted

15 to the support arm through the frame.

33. The data disk drive of claim 32, wherein the shear mode
piezoelectric element is mounted to the tab of the frame, and the mounting

surface is mounted to the support arm.

20
34. A data disk drive comprising:
a rotating disk having a data surface;
a first actuator;
a support arm configured to be driven over the data surface by the first
25 actuator;
a second actuator held by the support arm over the data surface;
wherein the second actuator comprises:
a first shear mode piezoelectric element;
a second shear mode piezoelectric element;
30 a first flexible member mounted between the first and

second piezoelectric elements;

a third shear mode piezoelectric element




37. The data disk drive of claim36, wherein the first and second shear
node pi ezoelectric elenents are nounted to the first tab of the fra 20 g&g
third and fourth shear node piezoelectric el enents are nounted td ?ﬁé LU
second tab of ao the frane, and the nounting surface is nounted to the

fl exure nenber. 38. The data disk drive of claim 34, and further conprising
a frame conprising a first tab, a secggd tab, and a mounting surface,
wherein the second actuator is nmounted to the support armthrough the
frame. 2s 39. The data disk drive of claim38, wherein the first and second

shear node piezoel ectrigLfRIr@NEYE ndidde prRubEREricceleent;idrkf tab of the
frame, the third and fourth shear node piezoelectric elenents_are nounted

to the second tab of tHeseeentkflexhie mambgiumorRtpdheges the dnted to the

support arm 30 and fourth piezoelectric elements; and

a data slider mounted between the first and second flexible members.
5 wherein each of the first and second flexible members comprises a pair of
legs mounted to its respective piezoelectric elements and a central flex beam

between the two legs

35. The data disk drive of claim 34, and further comprising a flexure
10 member configured to be carried by the support arm over the data surface,

wherein the second actuator is mounted to the flexure member.

36. The data disk drive of claim 35, and further comprising a frame
comprising a first tab, a second tab, and a mounting surface, wherein the second

15 actuator is mounted to the flexure member through the frame.

37. The data disk drive of claim 36, wherein the first and second shear
mode piezoelectric elements are mounted to the first tab of the frame, the third
and fourth shear mode piezoelectric elements are mounted to the second tab of

20 the frame, and the mounting surface is mounted to the flexure member.

38. The data disk drive of claim 34, and further comprising a frame
comprising a first tab, a second tab, and a mounting surface, wherein the second
actuator is mounted to the support arm through the frame.

25

39. The data disk drive of claim 38, wherein the first and second shear
mode piezoelectric elements are mounted to the first tab of the frame, the third
and fourth shear mode piezoelectric elements are mounted to the second tab of
the frame, and the mounting surface is mounted to the support arm.
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